ticularly in women and residents of the capital argues in favour of recent important changes in behavioural or environmental factors of importance to the development of this cancer. The contemporary changes in smoking habits and incidence of anal cancer would support the hypothesis that the anus is yet another site with increased susceptibility to carcinogens resulting from smoking. Recent changes in sexual habits also coincide with the trends in anal cancer incidence and suggest, as with cervical cancer, that an infectious agent is involved. Finally, men who had never married were found at increased risk since the 1 940s, indicating a potential association with male homosexuality.
Abstract Objective-To determine how fetal growth is related to death from cardiovascular disease in adult life.
Design-A follow up study of men born during 1907-24 whose birth weights, head circumferences, and other body measurements were recorded at birth.
Setting-Sheffield, England.
Subjects-1586 Men born in the Jessop Hospital. Main outcome measure-Death from cardiovascular disease.
Results-Standardised mortality ratios for cardiovascular disease fell from 119 in men who weighed 5.5 pounds (2495 g) or less at birth to 74 in men who weighed more than 8 5 pounds (3856 g). The fall was significant for premature cardiovascular deaths up to 65 years of age (x2=5 0, p=0 02). Standardised mortality ratios also fell with increasing head circumference (x2=4X6, p=0.03) and increasing ponderal index (weight/length3) (X2=3*8, p=0 05; for premature deaths X2=6(0, p=001). They were not related to the duration of gestation. Among men for whom the ratio of placental weight to birth weight was in the highest fifths the standardised mortality ratio was 137.
Conclusion-These findings show that reduced fetal growth is followed by increased mortality from cardiovascular disease. They suggest that reduction in growth begins early in gestation. They are further evidence that cardiovascular disease originates through programming of the body's structure, physiology, and metabolism by the environment during fetal life. Maternal nutrition may have an important influence on programming.
Introduction
People who had low growth rates during fetal life and infancy have high death rates from ischaemic heart disease. Among 5654 men bom in six districts of Hertfordshire, England, during 1911-30 death rates from ischaemic heart disease fell progressively between those with the lowest and highest weights at 1 year. The death rates in those who weighed 18 pounds (8165 g) or less at 1 year were almost three times greater than in those who weighed 27 pounds (12 247 g) or more.' Findings in women were similar (unpublished We analysed cause of death in relation to measurements at birth. The numbers of deaths were compared with those expected from national rates for men of corresponding age and year of birth." Death rates were expressed as standardised mortality ratios, with the national average as 100. Cardiovascular disease was defined by ICD (ninth revision) codes 390-459. The social class for all except 27 of the men who died could be derived from the occupation recorded on the death certificate.
Head circumference had not been recorded for 137 men, but this could be estimated from the two head diameters by using the regression equation derived from the 1042 records which included the circumference and both diameters.
Results
A total of 316 ofthe deaths in the 1586 men were due to cardiovascular disease, 235 being certified as due to ischaemic heart disease, 49 to stroke, and 32 to other circulatory diseases. The overall death rate from cardiovascular disease was close to the national average, the standardised mortality ratio being 94.
The average birth weight of the men was 7-3 pounds (3311 g). Table I shows that standardised mortality ratios from cardiovascular disease fell with increasing birth weight (x2=3 5, p=0 06). There was no similar trend for other causes of death. Table I also shows the trends in deaths at ages up to 65 years. The fall with increasing birth weight was significant (X2=5 0, p=002).
The average head circumference at birth was 13-9 inches (35-3 cm). Standardised mortality ratios from cardiovascular disease fell with increasing head BMJ VOLUME 306
13 FEBRUARY 1993circumference (X2=4-6, p=003) (table I) . Deaths from other causes, however, showed an opposite trend (X2=2-6) p=0 1 1); men with the largest head circumferences having the highest standardised mortality ratios. The trend with head circumference was apparent for deaths before 65 years, though not significant (X2=3 l) p=0 08). Crown-heel length at birth was recorded for 1454 men. The average was 20-3 inches (51 6 cm). There were no trends in death from cardiovascular or noncardiovascular disease with length, though men whose length at birth was 20 inches (50-8 cm) or less had a standardised mortality ratio of 103 from cardiovascular disease, compared with 93 in the remainder.
We calculated the ponderal index at birth as birth weight (ounces)/length (inches)3. Table I shows that standardised mortality ratios from cardiovascular disease fell with increasing ponderal index (X2=3-8) p= 0 05). There was no similar trend for other causes of death. Deaths from all causes-combined also fell with increasing ponderal index. The trend with ponderal index was apparent for deaths before 65 years and was significant (x2=6-0, p=0 01).
When the data were divided according to head circumference and ponderal index (table II) the highest standardised mortality ratio for cardiovascular disease (1 19) was in men who had both small head circumference and low ponderal index at birth. Conversely the lowest mortality ratio (80) was in those with a large head circumference and high ponderal index. The corresponding figures for deaths before 65 years were 120 and 75. Placental
standardised mortality ratio (119), however, was in men for whom the placental weights were above 1-25 pounds (567 g) and who had a birth weight of 6-5 pounds (2948 g) or less. Table III shows standardised mortality ratios according to the ratio of placental weight to birth weight. The highest standardised mortality ratio for cardiovascular disease (137, 95% confidence interval 108 to 172) was in men with the highest placental weight/birth weight ratio. These men also had the highest standardised mortality ratio for all causes of death. The comparable figure for deaths before 65 years was 146 (105 to 198). In the same way as in previous analyses we divided the men according to whether or not the placental weight was above 1-25 pounds (567 g)."1 Among men in the high placental weight group there was a significant trend of increasing standardised mortality ratios for cardiovascular disease with increasing placental weight to birth weight ratio.
Length of gestation was recorded for 822 men. were thin at birth, or both, had higher rates of cardiovascular death than those who had a large head circumference or were fat.
Cardiovascular mortality was not related to the duration of gestation except for a small increase in death rates in men born prematurely. The associations with head circumference and thinness must therefore reflect reduced fetal growth. This is consistent with studies of cardiovascular risk factors in men and women aged 50 years in Preston. Birth measurements including weight, head circumference, length, and placental weight predicted blood pressure" 12 and plasma glucose, insulin,'4 and fibrinogen concentrations2 independently of duration of gestation.
Our study population comprised men born in one maternity hospital during 1907-24. We traced 66% of the singleton boys initially included in the study. Those We have information on social class only for men who died. Those in social class IV and V had lower birth weight, head circumference, and ponderal index. The differences, however, were small. We do not think that reduced fetal growth is associated with death from cardiovascular disease merely through an association with adverse influences acting in the adult lives of people of low social class. This conclusion is strongly supported by our studies of men and women in Hertfordshire and Preston in which reduced fetal growth was associated with high blood pressure, impaired glucose tolerance, and raised plasma fibrinogen and factor VII concentrations in each social class and at each level of cigarette smoking, alcohol consumption, and obesity.2312
The studies in Preston have shown that babies who have low birth weight in relation to duration of gestation, who have small head circumference, and are thin at birth tend as adults to develop high blood pressure," impaired glucose tolerance, and syndrome X'6-a combination of hypertension, non-insulin dependent diabetes, disordered lipids, hyperinsulinaemia, obesity, and abdominal fatness. This pattern of impaired fetal growth has now been shown to be linked to cardiovascular disease. Thinness at birth is a particularly strong predictor of death before 65 years of age. In addition, men in Sheffield who were short at birth, with a birth length of 20 inches (50-8 cm) or less, also had higher cardiovascular death rates, though the difference was small. In the Preston studies shortness at birth was associated with hypertension and raised plasma fibrinogen concentrations in adult life.21'
The differences in cardiovascular mortality associated with head circumference and thinness at birth are not as large as those associated with weight at 1 year. In Hertfordshire there were threefold differences in death rates from ischaemic heart disease between men with the lowest and highest weights at 1. We think there may be at least two explanations for this. Firstly, programming of cardiovascular disease may continue during infancy. Plasma fibrinogen concentrations, for example, are related to weight at 1 year but not independently to birth weight. Plasma lipid concentrations and death rates from ischaemic heart disease vary according to the method of infant feeding."' Secondly, the range of birth weights is less than the range of infant weights, and head circumference and length at birth are known to be inaccurate measurements. The strength of associations with birth measurements may therefore be reduced. Furthermore, body measurements at birth are only proxies for variables more closely related to the processes that underlie programming.
Data on cardiovascular disease from death certificates are known to be inaccurate. Consistent with this, birth weight is more strongly associated with death before 65 years than with death at all ages. Studies of cardiovascular risk factors show much larger trends than those with cardiovascular deaths.4 The relative risk of impaired glucose tolerance and diabetes, for example, was six times higher in men with birth weights of 5-5 pounds (2495 g) or less compared with those with birth weights of more than 9 5 pounds (4309 g). 3 We suggest that small head circumference and thinness at birth reflect patterns of fetal growth associated with changes in certain tissues, including blood vessels and the endocrine pancreas. These changes programme blood pressure, glucose and insulin metabolism, and cardiovascular disease in adult life. The nature of the changes, which could include modification of gene expression, permanent reduction in cell numbers, or modification of organ structure, is unknown. This study does, however, give an insight into the influences which reduce fetal growth and their timing in gestation.
Cardiovascular death rates were high in men with a high ratio of placental weight to birth weight. In the Preston studies men and women who had had a high ratio of placental weight to birth weight had raised blood pressure,'2 higher rates of impaired glucose tolerance,'4 and raised plasma fibrinogen concentrations.2 Disproportionately large placental size may be a consequence of maternal undernutrition. It occurs in babies whose mothers were anaemic during pregnancy.'8 It can be produced in sheep by reducing the food intake of ewes in early pregnancy.202' We suggest that maternal undernutrition, by constraining fetal growth, may programme cardiovascular disease.
Fetal growth is actively constrained by maternal size. 22 In this study the external conjugate diameter of the mother's pelvis was strongly related to the baby's size, including head circumference. The extemal conjugate was not, however, related to cardiovascular mortality after adjusting for head circumference whereas the trend in cardiovascular mortality with head circumference remained significant after allowing for the external conjugate diameter. In Preston, mothers' external conjugate diameters were similarly unrelated to blood pressure after allowing for birth weight and placental weight." This suggests that the mechanisms which constrain fetal growth to prevent maternal-fetal disproportion do not effect long term programming of cardiovascular disease.
A recent study showed that babies born with smaller head circumferences and lower ponderal indices had a higher fetal heart rate at 18 weeks.23 This was only partly explained by earlier births of babies with higher heart rates. The faster heart rates may therefore have resulted from the babies already being small in midgestation.
Our findings reveal for the first time death rates of babies bom before term who survive into late adult life, although duration of gestation was recorded for only half of the men. Among those bom before 38 weeks death rates from cardiovascular disease were a little higher but death rates from all causes were around average. This may give limited reassurance that the increasing numbers of preterm babies kept alive in neonatal units will not have greatly increased death rates as adults. By contrast babies bom after 40 weeks' gestation had raised death rates from noncardiovascular causes, reflected in higher rates from all causes combined. This was unexpected and requires confirmation by continued follow up and other studies now in progress. The babies born after term had larger head size, which was also associated with higher rates of disease other than cardiovascular disease.
In conclusion, this study shows for the first time that reduced fetal growth is followed by higher death rates from cardiovascular disease in adult life. Bodily proportions at birth suggest that the growth reduction began early in gestation. We 
Introduction
A decline in the incidence of sexually transmitted diseases in men who have sex with men was well documented in the mid-1980s in various developed countries, including the Netherlands,' the United States,2 and Britain.3 Those undertaking health promotion saw this as evidence that sexual behaviour could be changed and that educational messages about safer sex had been heeded by homosexual men. In Britain, however, homosexual men infected with HIV-1 still contracted gonorrhoea,4 which implied continued participation in unprotected sexual intercourse. In 1989 increases in the incidence of sexually transmitted disease in homosexual men in the United States suggested that high risk sexual behaviour between men was increasing after a period of decline.' Increases in sexually transmitted diseases in homosexual men were also reported in Amsterdam6 and Australia. 7 In 1990 increases in rectal gonorrhoea in men were noted in several genitourinary medicine clinics in London and elsewhere in Britain.'-" Repeat testing
